SUMMARY The effect of chronic low frequency stimulation on the tibialis anterior muscle of children with Duchenne muscular dystrophy was investigated. Baseline data from 16 3) . Pro- longed contraction and relaxation times have been reported,4-7 the ability of the sarcoplasmic reticulum to take up Ca2+ is low8 9 and the enzyme patterns retain immature characteristics.'0 It has been suggested that a fundamental genetically determined defect occurs in dystrophic muscle which results in a slow rate of maturation of the muscle fibres,3 and that irreversible damage might be caused when the fast motoneurons activating these muscle fibres develop high frequency firing patterns."
The possibility that the rate of muscle maturation can be enhanced by superimposing slow frequency activity has been investigated in animal models of muscular dystrophy. Improvement in function and a reduced loss of muscle fibres together with raised lev-els of oxidative enzymes were observed in dystrophic mice following chronic stimulation.'2 13 Electrical stimulation was shown to induce enzyme and membrane properties characteristic of adult fast muscle '4 and has also been shown to reduce the rate of deterioration of muscle fibres in dystrophic mice and chickens.14 15 Muscle fibre regeneration is known to occur in Duchenne muscular dystrophy muscles16 and appropriate superimposed activity may induce maturation of existing muscle fibres and favour survival of newly regenerated muscle fibres possibly preventing subsequent degeneration. 14 The resistance to fatigue was determined by stimulating the muscle at 40 Hz for 250 ms every second for 5 minutes and a fatigue index, initial tension -tension after 3 minutes stimulation initial tension was calculated.
The effect of the fatigue test was determined by recording the tension developed at 1, 10, 20 and 40 Hz before and after fatigue and by monitoring the time course of contraction throughout the test. The following indices were recorded: peak tension at 40 Hz (Po) and the time to fall to 50% of peak tension (½2RT40).
Chronic low frequency stimulation The subjects stimulated their tibialis anterior muscles with a small battery operated stimulator at a frequency of 5-10 Hz for an hour three times daily for periods ranging from 7 to 11 weeks (mean 8 7 weeks). Stimulation was effected using Table 3 shows that in both studies, the periods of stimulation, 9-2 weeks + 1[47 and 8-7 weeks + 1 36 were comparable and the mean ages, 7 6 years + 2 76 years and 7 2 years + 1 8 years of the children similar, although the range of ages in the first group was greater. Table 3 summarises the background data of all the 14 boys who took part in the study of the effect of low frequency stimulation. On reassessment 6 months later, an overall deterioration in their physical characteristics was apparent. Analysis of co-variance of the results of the 10 younger ambulant subjects showed a highly significant decrease (p < 0-01) of overall muscle strength (%MRC) which did not correlate with the motor ability score, slowing of the independent walking times by 0-65 s + 1 58 and a variable but in most cases symmetrical deterioration of the ankle equinus deformities.
Comparison of the mean values of MVC of the stimulated muscles and the unstimulated contralateral controls during the 8 (p < 0 05) compared with 0 2 kg + 0-84 increase of strength of the control muscles at week 8 and were still significantly stronger than the unstimulated control muscles one month after completion of stimulation. The unstimulated muscles showed no significant change in MVC but the plot of the percentage change of MVC in these muscles revealed an initial tendency to decrease at 2 weeks followed by an overall increase for the remaining 6 weeks suggesting a possible contralateral training effect which was still present on retesting a month later.
There was no change in the fatigue indices after chronic low frequency stimulation in Stage 1 or 2 of the study; both the control and stimulated muscles were able to maintain the initial tension evoked during the five minutes of stimulation at 40 Hz. Mean maximal forces of 0 4g ± 0 21 (23% of MVC) were sustained on initial assessment by the tibialis anterior muscles of both legs and comparable forces of 0-5 kg + 0 2 (24% of MVC) were maintained on reassessment at the end of the study.
Analysis of the tensions developed in response to brief trains of stimulation at 10 and 20 Hz before and after the fatigue test and expressed as the percentage of tension evoked at 40 Hz showed no apparent changes in these ratios following prolonged low frequency stimulation.
The values obtained for the half-relaxation times after 3 minutes of fatigue testing at 40Hz for both control and chronically stimulated muscles are summarised in 24 In recent years a number of studies have shown that the properties of skeletal muscle fibres are greatly influenced by the activity pattern they receive, no matter whether this activity is delivered to the muscle by its motoneuron, or by electrical stimulation.25 It is also known that during voluntary movement the pattern of activity delivered to the muscle depends on constraints given by the control mechanisms of the central nervous system that regulates movement. 26 An attempt was made in this study to bypass the CNS and impose onto muscles of patients with Duchenne muscular dystrophy a particular activity pattern using electrical stimulation. In view of some "immature" features of muscles of Duchenne muscular dystrophy patients, such as slow time course of contraction and relaxation, and reduced ability of their sarcoplasmic reticulum to take up Ca2+, a low frequency activity pattern was used, typical of firing patterns recorded from muscles of immature animals. 1 The present results show that muscles of children suffering from Duchenne muscular dystrophy can be influenced by chronic low frequency stimulation, provided that the stimulation is applied at a time when the children are not yet severely disabled. This beneficial effect of chronic stimulation could be due (a) to slower deterioration of the existing diseased muscle fibres, (b) to a better and more rapid growth of regenerating fibres that are known to be present in muscles from Duchenne muscular dystrophy children, particularly in the younger age groups, or (c) to hypertrophy of existing relatively healthy fibres. From the present information it is impossible to decide which of these possibilities makes the greatest contribution to the improved performance. It is well established that low frequency stimulation leads to a slight decrease, rather than increase of muscle fibre diameters27 so that this type of activity is unlikely to induce hypertrophy in normal muscle fibres yet dystrophic muscle may behave differently. The finding that none of the other properties of dystrophic muscle was altered by chronic electrical stimulation was not surprising. This type of stimulation was shown to increase fatigue resistance in adult muscles. However as normal children's muscles and those of children with Duchenne muscular dystrophy showed no loss of tension during the fatigue test, superimposed low frequency stimulation could not be expected to change already fatigue resistant muscles.
The lack of change of contractile characteristics using low frequency activity favours the development and maintenance of "slow" type muscle characteristics, and this may be the overriding effect of this treatment. The increase of the MVC in the stimulated muscles was considerable, particularly in view of the fact that only a proportion of the muscle was stimulated. However it may be that the enhanced activity of part of the muscle has a beneficial effect on the whole muscle group.
The results are encouraging and further studies are necessary to investigate the effect of different patterns of electrical activity and to monitor the effect of stimulation on other muscle groups. The acceptability of the method of electrical stimulation has been clearly demonstrated and, if the results of further studies support the findings reported here, the techniques may possibly have therapeutic applications.
